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CHAPTER A-7 
GEOTECHNICAL ANALYSIS 

FAIRFAX-JERSEY CREEK (BPU FLOODWALL) 
 

 
A-7.1 INTRODUCTION 

This chapter presents the results of the geotechnical evaluation of an area in the 
Fairfax-Jersey Creek protection unit determined to have a certain probability of failure 
under the existing level of protection that warranted further study.  The determination 
relies on historical borings and soil test information combined with recent subsurface 
borings and soil test information. 
 
A-7.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION 

The primary sources of information for this geotechnical analysis include the 
references listed in the References section of this chapter. 
 
A-7.3 DESCRIPTION OF THE LEVEE UNIT 

Refer to Section A-4.3.7 for a detailed description of the Fairfax-Jersey Creek 
Unit. 
 
A-7.4 LEVEE DESIGN FEATURES 
 
            A-7.4.1  Existing Levee and Floodwall Sections 

The Fairfax-Jersey Creek levee unit consists of levees, floodwalls, stoplop and 
sandbag gaps, riprap and levee toe protection, surfaced levee crown and ramps, drainage 
systems, the Jersey Creek sewer structure and shutter gates, and pumping plants.  It was 
originally constructed as a local levee, but was removed and replaced using Federal 
standards in 1940.  The final contract for construction of the project was completed in 
1955. 

A plan view of the Fairfax-Jersey Creek Unit and typical sections are provided in 
the Supplemental Exhibits section as Exhibits A-7.1 through A-7.11. 
 
            A-7.4.2  Future Flood Protection Concerns 

This levee unit is being considered for a partial reestablishment of existing design 
level of protection near the Kansas River, or the beginning of the project.  Some areas 
have been surveyed and appear to be lower than the original federal design elevation.  
The remainder of the system is not recommended for a raise based on the hydraulic 
analysis of the Missouri and Kansas Rivers.   

As a result of an evaluation of the existing floodwall near the BPU facilities, it 
was concluded that Stations 287+85 to 302+32 required further evaluation.  The 1993 
flood did not reach the top of the floodwall.  A full head to the top of the floodwall is 
analyzed in this chapter. 
 
      A-7.4.3  Area Site Characterization 

The Corps of Engineers’ boring and additional subsurface information shown in 
the Supplemental Exhibits section (Exhibits A-7.12 and A-7.13) was used to characterize 
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and model the foundation resistance for the existing precast concrete piles driven below 
the existing floodwall.  The boring assignment for investigations of the Fairfax area was 
developed well in advance of the floodwall concerns.  One Corps boring was proposed 
earlier, but was designated for investigation of an existing stoplog gap.  The boring was 
eliminated when it was discovered that the stoplog gap had been permanently sealed.  No 
additional borings were assigned for the study of the floodwall during the earlier stage of 
general investigations.  Later, when concerns were raised regarding the integrity of the 
floodwall pile length and strength, additional investigations were conducted through a 
contractor.  The Investigation Report is included as Exhibit A-7.14. 

These borings were used for developing the resistance to vertical and horizontal 
loading.  The characterization of the floodwall foundation relied on the Standard 
penetration resistance obtained by driving a split spoon through the foundation sands.  An 
automatic trip hammer was used and appropriate corrections were made for energy input, 
overburden pressures, rod type, rod length, hole size, and other pertinent variables during 
the test.  This information was used to develop the expected soil strength of the 
foundation sands (refer to Exhibits A-7.17 through A-7.20). 
 
      A-7.4.4  Pile Capacity 

The soil strength and existing pile length and configuration below the pile cap 
was used to develop a spreadsheet model for determination of the available amount of 
side friction and end bearing for a circular driven precast concrete pile.  The lateral 
coefficient of friction was chosen for the driven condition and a correction to the 
resistance was made, taking into consideration the expected foundation underseepage 
pressure during a high river condition.  A flow net was used to model the underseepage 
pressures.  This information was provided to the structural engineering team members for 
their use.  Exhibit A-7.15 and Exhibits A-7.21 through A-7.23 contain the geotechnical 
calculations for pile capacity.  A summary of the ultimate foundation resistance is 
provided in Exhibit A-7.24. 
 

A-7.4.5    Underseepage Analyses  
The model used to develop the expected pressure in the foundation sands along 

the length of the driven piles was a simple hand-drawn flow net.  The cutoff wall was 
ignored and equipotential lines with perpendicular flow lines were developed below a 
mostly sand foundation.  The equipotential lines were used to determine the pressure 
along the three piles located landside, the middle piles, and the piles riverside of the stem 
of the floodwall.  These tabulated values were added to the model for the resistance to 
correct for lower effective overburden pressure. 
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A-7.6 SUPPLEMENTAL EXHIBITS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 7-6

EXHIBIT A-7.1 
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EXHIBIT A-7.2 
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EXHIBIT A-7.3 
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EXHIBIT A-7.4 
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EXHIBIT A-7.5 
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EXHIBIT A-7.6 
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EXHIBIT A-7.7 
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EXHIBIT A-7.8 
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EXHIBIT A-7.9 



 7-15

EXHIBIT A-7.10 
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EXHIBIT A-7.11 
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Site Characterization Maps and Boring 
Information 
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EXHIBIT A-7.12 
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EXHIBIT A-7.13 
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EXHIBIT A-7.14 
Flood Wall Pile Investigation Report 
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Geotechnical Calculations 
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EXHIBIT A-7.15 
Fairfax-Jersey Creek Flood Wall 
Pile Foundation Documentation 
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EXHIBIT A-7.16 
Fairfax-Jersey Creek Flood Wall 

Flownet 
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EXHIBIT A-7.17 
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EXHIBIT A-7.18 
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EXHIBIT A-7.19 
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EXHIBIT A-7.20 



EXHIBIT A-7.21

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Head = 8 Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Total Side Rst Nqp 

Blow count Blow count Blow count Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Riverside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0 18.95 0 0 0

  

27 22 3 375 309 66 66 0 0 18.95 1253 0 0
5.6     

5  84 862
27 22 6 750 501 249 249  862 18.95 4716 6180 7042

5.5   
136.94 1667

27 22 9 1125 696 429 429 2529 18.95 8131 10655 13184
10  5.35
11 4 Silty Sand  206.67 2516  
12 3 3.6 29 25 0.703 27 22 12 1500 906 594 594 5045 18.95 11258 14752 19798

4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  280.75 3418
 28 23 15 1875 1113 762 762 8463 21.29 16216 21249 29712

16 5 Silty Sand 5 6 29 29 0.937 29 24  4.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  376.35 4582

30 25 18 2250 1321 929 929 13045 26.88 24974 32725 45770
19 8 Silty Sand 10 Silt 7  4.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  476.71 5803
21 8 Silty Sand 30.3 25.3 21 2625 1523 1102 1102 18848 27.84 30667 40184 59033

3.8 544.19 3312
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1622 1190 1190 567.83 22160 28.49 33921 44448 66609

Pier Bottom 3.7
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 22160 44448 66609
  Pounds Pounds Pounds

Sum of  Side End Sum of  Total
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30

32 17 Sand 20 Sand 12 Sand 32 Notes : Nqp from Figure 4-4 of EM 1110-2-29with equation developed a
qb = σv' * Nqp  

34 32 Sand 19 Sand 9 Sand 34
35 35

37 17 Sand 13 Sand 11 Sand 37

39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39
   

42 19 Sand 31 Sand 28 Sand 42

44 37 Sand 36 Sand 23 Sand 44
  

46 25 30 35 37 2.694 36 46

47 23 Sand 33 Sand 17 Sand 47

49 20 Sand 21 Sand 18 Sand 49
 

NOTES: Example :
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

P6 = 501 psf

Net Head above landside ground surface = 6.5 - (0.813)5.5 = 2.02'
Total pressure at 6 feet ; P6 

P6 = (Net head - elevation head) * Unit weight of water
P6 = ( 2.02 - (-6) ) * 62.4 

h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.
# Drops : total increment of equipotential drop to the location in the foundation

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (66+249)/2 * (6-3.5)*4.058*tan 22) ] + [ (249+429)/2 * (9-6)*4.058*tan 22) ] = 2529

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)

Using 15.5-inch diameter piers
Perimeter = 2 * pi * r =

Area = pi * radius^2

Side resistance = f(phi and effective pressure)
τ = ( σt - µω ) * tan δ '

Using γsat = 125 pcf Using Ko = 1 Driven piers

Material

Geotechnology Results
Automatic Trip Hammer

Fairfax Floodwall Study Feasibility 

Material Material

Riverside Pile

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Designer : Loehr 12/10/2004
Checker :  Kuzniakowski 12/2004              

Water depth not encountered

Selected 
Mean 
Value

1 Tsf = 
0.976 kgf / 

Base of Floodwall : 3.5 feet

Nq = 0.8158e(0.1165*φ')

Pier 3, 6 feet below the top of the landside ground surface

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

for 8 feet of water on the floodwall  h= 8' - 1.5' = 6.5'
Ne from the flow net = 8
∆h = h/Ne = 6.5/8 = 0.813
# Drops = 6
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EXHIBIT A-7.21 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Riverside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

  

27 22 3 375 402 0 0  0     
3.5 5.6     

5  31 310
27 22 6 750 599 151 151  310 18.95 2868 3759 4069

5.5   
96 1173

27 22 9 1125 799 326 326 1483 18.95 6173 8088 9572
10  5.35
11 4 Silty Sand  161 1964  
12 3 3.6 29 25 0.703 27 22 12 1500 1027 473 473 3448 18.95 8967 11750 15198

4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  227 2769
 28 23 15 1875 1250 625 625 6217 21.29 13310 17440 23657

16 5 Silty Sand 5 6 29 29 0.937 29 24  4.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  312 3799

30 25 18 2250 1473 777 777 10016 26.88 20886 27368 37384
19 8 Silty Sand 10 Silt 7  4.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  403 4901
21 8 Silty Sand 30.3 25.3 21 2625 1687 938 938 14917 27.84 26107 34210 49126

 3.8   465 2833     
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1790 1023 1023 17750 28.49 29143 38187 55937

  3.7 17750 38187 55937
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds
  Sum of  Side Sum of  Side Sum of  Side

 Resistance Resistance Resistance
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-29with equation developed a
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example :

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Perimeter = 2 * pi * r =
Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers

Riverside Pile Water depth not encountered Designer : Loehr 12/10/2004 τ = ( σt - µω ) * tan δ '
Using Ko = 1 - sin φ ' Area = pi * radius^2

Water at TOW Head =13' Automatic Trip Hammer
Geotechnology Results Checker :  Kuzniakowski 12/2004              Using γsat = 125 pcf

Material Material Material
Selected 

Mean 
Value

1 Tsf = 
0.976 kgf / 

Top of Pile : 3.5'

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Nq = 0.8158e(0.1165*φ')

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (0+151)/2 * (6-3.5)*4.058*tan 22) ] + [ (151+326)/2 * (9-6)*4.058*tan 22) ] = 1483

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)
h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.
# Drops : total increment of equipotential drop to the location in the foundation

Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall  h= 13' - 1.5' = 11.5
Ne from the flow net = 8
∆h = h/Ne = 11.5/8 = 1.4375 
# Drops = 5.5

Net Head above landside ground surface = 11.5 - (1.4375)5.5 = 3.60'
Total pressure at 6 feet ; P6 

P6 = (Net head - elevation head) * Unit weight of water
P6 = ( 3.60 - (-6) ) * 62.4 
P6 = 599 psf
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EXHIBIT A-7.21 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Riverside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

0 0

27 22 3 375 496 0 0 0 0     
3.5 5.6     

5  10.88 27
27 22 6 750 696 54 54  27 18.95 1021 1337 1365

5.5   
55.79 679

27 22 9 1125 903 222 222 706 18.95 4214 5522 6228
10  5.35
11 4 Silty Sand  116.07 1413  
12 3 3.6 29 25 0.703 27 22 12 1500 1148 352 352 2119 18.95 6675 8747 10867

4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  174.13 2120
 28 23 15 1875 1386 489 489 4239 21.29 10403 13632 17871

16 5 Silty Sand 5 6 29 29 0.937 29 24  4.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  247.86 3017

30 25 18 2250 1625 625 625 7257 26.88 16797 22010 29267
19 8 Silty Sand 10 Silt 7  4.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  328.40 3998
21 8 Silty Sand 30.3 25.3 21 2625 1851 774 774 11254 27.84 21547 28235 39489
22 18 Sand 10 Sand 30.5 25.5   3.8   386.79 2354      

30.5 25.5 22.5 2812.5 1957 855 855 13609 28.49 24364 31926 45534
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 3.7 13609 31926 45534
  Pounds Pounds Pounds

Sum of  Side Sum of  Side Sum of  Side
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-29with equation developed a
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example :

     where pressure head = Net head above landside ground surface - depth below landside ground surface 
4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Perimeter = 2 * pi * r =
Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers

Using Ko = 1 - sin φ ' Area = pi * radius^2
Riverside Pile Water depth not encountered Designer : Loehr 12/10/2004

 Geotechnology Results Checker :  Kuzniakowski 12/2004              Using γsat = 125 pcf
τ = ( σt - µω ) * tan δ '

Water at TOW Head =18' Automatic Trip Hammer
Full Head Conditions =====> Head = 18 feet

Material Material Material
Selected 

Mean 
Value

1 Tsf = 
0.976 kgf / 

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Nq = 0.8158e(0.1165*φ')

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (0+54)/2 * (6-3.5)*4.058*tan 22) ] + [ (54+222)/2 * (9-6)*4.058*tan 22) ] = 706

Pressure Along Pier Due to 
Equipotential Drop Using Flow net Net Head Above Landside Existing Ground Surface:

Net Head = h-∆h*(#Drops)
h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

P6 = (Net head - elevation head) * Unit weight of water

     along the pier.

Pier 3, 6 feet below the top of the landside ground surface
for 18 feet of water on the floodwall  h= 18' - 1.5' = 16.5
Ne from the flow net = 8

# Drops : total increment of equipotential drop to the location in the foundation

P6 = ( 5.17 - (-6) ) * 62.4 
P6 = 696 psf

∆h = h/Ne = 16.5/8 = 2.06 
# Drops = 6.75

Net Head above landside ground surface = 16.5 - (2.06)5.5 = 5.17
Total pressure at 6 feet ; P6 
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EXHIBIT A-7.22

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Head = 8 Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Total Side Rst Nqp 

Blow count Blow count Blow count Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0 18.95 0 0 0

  

27 22 3 375 278 97 97 0 0 18.95 1830 0 0
6.2     

5  84 862
27 22 6 750 476 274 274  862 18.95 5197 6809 7672

6   
145.65 1773

27 22 9 1125 678 447 447 2635 18.95 8468 11096 13731
10  5.7
11 4 Silty Sand  214.36 2609  
12 3 3.6 29 25 0.703 27 22 12 1500 886 614 614 5245 18.95 11642 15256 20501

5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  290.20 3533
 28 23 15 1875 1088 787 787 8778 21.29 16756 21956 30734

16 5 Silty Sand 5 6 29 29 0.937 29 24  5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  388.77 4733

30 25 18 2250 1291 959 959 13510 26.88 25792 33797 47307
19 8 Silty Sand 10 Silt 7  4.7  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  490.99 5977
21 8 Silty Sand 30.3 25.3 21 2625 1493 1132 1132 19488 27.84 31514 41294 60782

4.4 558.64 3400
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1592 1221 1221 582.34 22888 28.49 34788 45584 68472

Pier Bottom 4.3
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 22888 45584 68472
  Pounds Pounds Pounds

Sum of  Side End Sum of  Total
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30

32 17 Sand 20 Sand 12 Sand 32 Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
qb = σv' * Nqp  

34 32 Sand 19 Sand 9 Sand 34
35 35

37 17 Sand 13 Sand 11 Sand 37

39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39
   

42 19 Sand 31 Sand 28 Sand 42

44 37 Sand 36 Sand 23 Sand 44
  

46 25 30 35 37 2.694 36 46
47 23 Sand 33 Sand 17 Sand 47

49 20 Sand 21 Sand 18 Sand 49
 

NOTES: Example :
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Net Head above landside ground surface = 6.5 - (0.813)6 = 1.622'

P6 = ( 1.622 - (-6) ) * 62.4 
P6 = 476 psf

     where pressure head = Net head above landside ground surface - depth below landside ground surface 
Total pressure at 6 feet ; P6 

P6 = (Net head - elevation head) * Unit weight of water

for 8 feet of water on the floodwall  h= 8' - 1.5' = 6.5'
Ne from the flow net = 8
∆h = h/Ne = 6.5/8 = 0.813

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  # Drops = 6

h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (97+274)/2 * (6-3.5)*4.058*tan 22) ] + [ (274+447)/2 * (9-6)*4.058*tan 22) ] = 2635

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)

Using 15.5-inch diameter piers
Perimeter = 2 * pi * r =

Area = pi * radius^2

Side resistance = f(phi and effective pressure)
τ = ( σt - µω ) * tan δ '

Using γsat = 125 pcf Using Ko = 1 Driven piers

Material

Geotechnology Results
Automatic Trip Hammer

Fairfax Floodwall Study Feasibility 

Material Material

Middle Pier

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Designer : Loehr 12/10/2004
Checker :  Kuzniakowski 12/2004               

Water depth not encountered

Selected 
Mean 
Value

1 Tsf = 
0.976 kgf / 

Base of Floodwall : 3.5 feet

Nq = 0.8158e(0.1165*φ')

# Drops : total increment of equipotential drop to the location in the foundation

Pier 3, 6 feet below the top of the landside ground surface
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EXHIBIT A-7.22 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pier Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

  

27 22 3 375 349 26 26  0     
3.5 6.2     

5  45 456
27 22 6 750 554 196 196  456 18.95 3718 4872 5328

6   
112 1361

27 22 9 1125 768 357 357 1817 18.95 6768 8868 10685
10  5.7
11 4 Silty Sand  175 2130  
12 3 3.6 29 25 0.703 27 22 12 1500 991 509 509 3947 18.95 9647 12641 16587

5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  244 2972
 28 23 15 1875 1205 670 670 6919 21.29 14265 18692 25611

16 5 Silty Sand 5 6 29 29 0.937 29 24  5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  334 4067

30 25 18 2250 1419 831 831 10986 26.88 22332 29263 40249
19 8 Silty Sand 10 Silt 7  4.7  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  428 5208
21 8 Silty Sand 30.3 25.3 21 2625 1633 992 992 16194 27.84 27605 36173 52367

 4.4   491 2989     
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1736 1077 1077 19183 28.49 30676 40196 59379

  4.3 19183 40196 59379
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds
  Sum of  Side Sum of  Side Sum of  Side

 Resistance Resistance Resistance
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example : Pier 3, 6 feet below the top of the landside ground surface

# Drops : total increment of equipotential drop to the location in the foundation

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

1 Tsf = 
0.976 kgf / 

Water at TOW Head =13' Automatic Trip Hammer

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Material Material Material
Selected 

Mean 
Value

Top of Pile : 3.5'

Nq = 0.8158e(0.1165*φ')

Area = pi * radius^2
Water depth not encountered Designer : Loehr 12/10/2004

Checker :  Kuzniakowski 12/2004               Using γsat = 125 pcf

τ = ( σt - µω ) * tan δ '

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Perimeter = 2 * pi * r =
Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers

Using Ko = 1 - sin φ '
Middle Pile

Geotechnology Results

Example : at l = 9 feet; Side resistance =[ (26+196)/2 * (6-3.5)*4.058*tan 22) ] + [ (196+357)/2 * (9-6)*4.058*tan 22) ] = 1817

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)
h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.

Ne from the flow net = 8
for 13 feet of water on the floodwall  h= 13' - 1.5' = 11.5'

∆h = h/Ne = 11.5/8 = 1.4375 
# Drops = 6.75

Net Head above landside ground surface = 11.5 - (1.4375)6 = 2.88'
Total pressure at 6 feet ; P6 

P6 = (Net head - elevation head) * Unit weight of water
P6 = ( 2.88 - (-6) ) * 62.4 
P6 = 554 psf
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EXHIBIT A-7.22 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pier Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

0 0

27 22 3 375 419 0 0 0 0     
3.5 6.2     

5  23.88 60
27 22 6 750 632 118 118  60 18.95 2240 2935 2995

6   
77.89 948

27 22 9 1125 858 267 267 1008 18.95 5068 6640 7648
10  5.7
11 4 Silty Sand  135.57 1650  
12 3 3.6 29 25 0.703 27 22 12 1500 1096 404 404 2658 18.95 7651 10026 12684

5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  198.12 2412
 28 23 15 1875 1322 553 553 5070 21.29 11773 15427 20497

16 5 Silty Sand 5 6 29 29 0.937 29 24  5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  279.38 3401

30 25 18 2250 1548 702 702 8471 26.88 18873 24730 33201
19 8 Silty Sand 10 Silt 7  4.7  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  364.65 4439
21 8 Silty Sand 30.3 25.3 21 2625 1774 851 851 12910 27.84 23697 31052 43962
22 18 Sand 10 Sand 30.5 25.5   4.4   423.45 2577      

30.5 25.5 22.5 2812.5 1880 932 932 15488 28.49 26564 34809 50297
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 4.3 15488 34809 50297
  Pounds Pounds Pounds

Sum of  Side Sum of  Side Sum of  Side
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example :

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers
Perimeter = 2 * pi * r =

Material

1 Tsf = 
0.976 kgf / 

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Using Ko = 1 - sin φ ' Area = pi * radius^2Using γsat = 125 pcf
τ = ( σt - µω ) * tan δ '

Material Material
Selected 

Mean 
Value

 Geotechnology Results Checker :  Kuzniakowski 12/2004               
Water at TOW Head =18' Automatic Trip Hammer

Middle Pile Water depth not encountered Designer : Loehr 12/10/2004

Nq = 0.8158e(0.1165*φ')

Full Head Conditions =====> Head = 18 feet

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (0+118)/2 * (6-3.5)*4.058*tan 22) ] + [ (118+267)/2 * (9-6)*4.058*tan 22) ] = 1008

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)

∆h = h/Ne = 16.5/8 = 2.06 

∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.
# Drops : total increment of equipotential drop to the location in the foundation

Pier 3, 6 feet below the top of the landside ground surface

P6 = ( 4.14 - (-6) ) * 62.4 
P6 = 632 psf

for 13 feet of water on the floodwall  h= 18' - 1.5' = 16.5'

# Drops = 6
Net Head above landside ground surface = 16.5 - (2.06)6 = 4.14'

Total pressure at 6 feet ; P6 

P6 = (Net head - elevation head) * Unit weight of water

Ne from the flow net = 8

h = head above landside ground surface due to the river level
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EXHIBIT A-7.23

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Head = 8 Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Total Side Rst Nqp 

Blow count Blow count Blow count Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0 18.95 0 0 0

  

27 22 3 375 238 137 137 0 0 18.95 2598 0 0
7     

5  84 862
27 22 6 750 438 312 312  862 18.95 5917 7754 8616

6.75   
158.96 1935

27 22 9 1125 650 475 475 2798 18.95 8996 11788 14586
10  6.25
11 4 Silty Sand  224.60 2734  
12 3 3.6 29 25 0.703 27 22 12 1500 863 637 637 5532 18.95 12075 15822 21354

5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  300.17 3654
 28 23 15 1875 1063 812 812 9186 21.29 17296 22664 31850

16 5 Silty Sand 5 6 29 29 0.937 29 24  5.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  398.93 4856

30 25 18 2250 1270 980 980 14042 26.88 26337 34511 48553
19 8 Silty Sand 10 Silt 7  5.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  500.51 6093
21 8 Silty Sand 30.3 25.3 21 2625 1473 1152 1152 20135 27.84 32078 42034 62169

4.8 568.27 3459
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1571 1241 1241 592.01 23594 28.49 35365 46341 69936

Pier Bottom 4.7
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 23594 46341 69936
  Pounds Pounds Pounds

Sum of  Side End Sum of  Total
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30

32 17 Sand 20 Sand 12 Sand 32 Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
qb = σv' * Nqp  

34 32 Sand 19 Sand 9 Sand 34
35 35

37 17 Sand 13 Sand 11 Sand 37

39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39
   

42 19 Sand 31 Sand 28 Sand 42

44 37 Sand 36 Sand 23 Sand 44
  

46 25 30 35 37 2.694 36 46
47 23 Sand 33 Sand 17 Sand 47

49 20 Sand 21 Sand 18 Sand 49
 

NOTES: Example :
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

1 Tsf = 
0.976 kgf / 

Nq = 0.8158e(0.1165*φ')

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Base of Floodwall : 3.5 feet

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Example : at l = 9 feet; Side resistance =[ (137+312)/2 * (6-3.5)*4.058*tan 22) ] + [ (312+475)/2 * (9-6)*4.058*tan 22) ] = 2798

Designer : Loehr 12/10/2004
Checker :  Kuzniakowski 12/2004               

Water depth not encountered

Selected 
Mean 
Value

Material

Geotechnology Results
Automatic Trip Hammer

Fairfax Floodwall Study Feasibility 

Material Material

Landside Pile
Using 15.5-inch diameter piers

Perimeter = 2 * pi * r =
Area = pi * radius^2

Side resistance = f(phi and effective pressure)
τ = ( σt - µω ) * tan δ '

Using γsat = 125 pcf Using Ko = 1 Driven piers

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)
h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.
# Drops : total increment of equipotential drop to the location in the foundation

for 8 feet of water on the floodwall  h= 8' - 1.5' = 6.5'
Ne from the flow net = 8
∆h = h/Ne = 6.5/8 = 0.813

P6 = (Net head - elevation head) * Unit weight of water

     where pressure head = Net head above landside ground surface - depth below landside ground surface. 
# Drops = 6.75

Total pressure at 6 feet ; P6 

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

P6 = ( 1.10 - (-6) ) * 62.4 
P6 = 438 psf

Pier 3, 6 feet below the top of the landside ground surface

Net Head above landside ground surface = 6.5 - (0.813)6.75 = 1.01'
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EXHIBIT A-7.23 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

  

27 22 3 375 277 98 98  0     
3.5 7     

5  73 741
27 22 6 750 487 263 263  741 18.95 4993 6543 7284

6.75   
135 1647

27 22 9 1125 719 406 406 2388 18.95 7703 10093 12482
10  6.25
11 4 Silty Sand  193 2351  
12 3 3.6 29 25 0.703 27 22 12 1500 951 549 549 4739 18.95 10412 13643 18382

5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  262 3187
 28 23 15 1875 1160 715 715 7926 21.29 15220 19943 27869

16 5 Silty Sand 5 6 29 29 0.937 29 24  5.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  352 4286

30 25 18 2250 1383 867 867 12212 26.88 23297 30527 42739
19 8 Silty Sand 10 Silt 7  5.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  445 5413
21 8 Silty Sand 30.3 25.3 21 2625 1597 1028 1028 17625 27.84 28604 37482 55107

 4.8   508 3093     
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1700 1112 1112 20718 28.49 31698 41536 62254

  4.7 20718 41536 62254
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds
  Sum of  Side Sum of  Side Sum of  Side

 Resistance Resistance Resistance
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example : Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall  h= 13' - 1.5' = 11.5'

Top of Pile : 3.5'

Net Head above landside ground surface = 11.5 - (1.4375)6.75 = 1.80'

P6 = (Net head - elevation head) * Unit weight of water

# Drops = 6.75

Total pressure at 6 feet ; P6 

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Nq = 0.8158e(0.1165*φ')

Ne from the flow net = 8
∆h = h/Ne = 11.5/8 = 1.4375 

P6 = ( 1.80 - (-6) ) * 62.4 
P6 = 487 psf

∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops

     along the pier.

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

Using γsat = 125 pcf

1 Tsf = 
0.976 kgf / 

     where pressure head = Net head above landside ground surface - depth below landside ground surface 

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Using Ko = 1 - sin φ ' Area = pi * radius^2

τ = ( σt - µω ) * tan δ ' Perimeter = 2 * pi * r =
Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers

Landside Pile Water depth not encountered Designer : Loehr 12/10/2004
Geotechnology Results Checker :  Kuzniakowski 12/2004               

Water at TOW Head =13' Automatic Trip Hammer

Material Material Material
Selected 

Mean 
Value

     and the depth to the point in the foundation is considered negative below the landside ground surface. 
Example : at l = 9 feet; Side resistance =[ (98+263)/2 * (6-3.5)*4.058*tan 22) ] + [ (263+406)/2 * (9-6)*4.058*tan 22) ] = 2388

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)
h = head above landside ground surface due to the river level

# Drop : total increment of equipotential drop to the location in the foun

 7-62 



EXHIBIT A-7.23 (Continued)

Using unit weight sand = 120 pcf moist
4.058 feet
1.310 sq ft

Use 80% 
. (1) . (2)

Uncorrected Uncorrected Uncorrected Conversion Sowers 1979 DeMello 1971 Effective Average of Total Pressure from Effective Effective Ultimate Side Resistance Nqp 

Blowcount Blowcount Blowcount Automatic Phi Angle Schmertmann Overburden (1) AND (2) δ = φ - 5 Depth Pressure Flow Net along Overburden Overburden Shear along Along Pier End Bearing End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle Pressure Along Pile Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance and End Bearing

B-16 B-21 B-23 Use 1.2 Degrees Fig 14 Degrees (kgf / sq cm) degrees degrees Psf Psf σ v ', Psf σ h ', Psf τ , psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers

Note : Use K =1
0 27 22 0 0 0 0 0 0 0     

0 0

27 22 3 375 316 59 59 0 0     
3.5 7     

5  55.32 138
27 22 6 750 535 215 215  138 18.95 4069 5332 5471

6.75   
111.69 1360

27 22 9 1125 787 338 338 1498 18.95 6409 8398 9896
10  6.25
11 4 Silty Sand  161.57 1967  
12 3 3.6 29 25 0.703 27 22 12 1500 1038 462 462 3465 18.95 8749 11464 14929

5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay  223.44 2720
 28 23 15 1875 1258 617 617 6185 21.29 13144 17223 23408

16 5 Silty Sand 5 6 29 29 0.937 29 24  5.5
17 3 Silty Sand 4 Silty Clay 29.5 24.5  305.16 3715

30 25 18 2250 1496 754 754 9900 26.88 20257 26543 36443
19 8 Silty Sand 10 Silt 7  5.1  
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25  388.82 4733
21 8 Silty Sand 30.3 25.3 21 2625 1722 903 903 14633 27.84 25130 32929 47563
22 18 Sand 10 Sand 30.5 25.5   4.8   447.90 2726      

30.5 25.5 22.5 2812.5 1829 984 984 17360 28.49 28031 36731 54090
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 4.7 17360 36731 54090
  Pounds Pounds Pounds

Sum of  Side Sum of  Side Sum of  Side
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance

19' length pier 19' length pier 19' length pier

NOTES: Notes : Nqp from Figure 4-4 of EM 1110-2-290with equation developed as
1.  Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qb = σv' * Nqp  
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3.  Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.

Example :

     where pressure head = Net head above landside ground surface - depth below landside ground surface. 

P6 = (Net head - elevation head) * Unit weight of water
P6 = ( 2.58 - (-6) ) * 62.4 
P6 = 535 psf

∆h = h/Ne = 16.5/8 = 2.06 
# Drops = 6.75

Net Head above landside ground surface = 16.5 - (2.06)6.75 = 2.58'
Total pressure at 6 feet ; P6 

     along the pier.

Ne from the flow net = 8

Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall  h= 18' - 1.5' = 16.5'

h = head above landside ground surface due to the river level
∆h = head drop for one equipotential drop = h / Ne 

Ne = total equipotential drops
# Drop : total increment of equipotential drop to the location in the foun

Example : at l = 9 feet; Side resistance =[ (59+215)/2 * (6-3.5)*4.058*tan 22) ] + [ (215+338)/2 * (9-6)*4.058*tan 22) ] = 1498

Pressure Along Pier Due to 
Equipotential Drop Using Flow net 

Net Head Above Landside Existing Ground Surface:
Net Head = h-∆h*(#Drops)

Side resistance Along Pier = Sum (τdl*Areadl) , dl = incremental pile length

For Ultimate 
Displacement expect 

10% of pier diameter or 
1.8 inches 

Perimeter = 2 * pi * r =
Using γsat = 125 pcf Using Ko = 1 - sin φ ' Area = pi * radius^2

τ = ( σt - µω ) * tan δ '

1 Tsf = 
0.976 kgf / 

Nq = 0.8158e(0.1165*φ')

4.  The depth is considered negative below the landside ground surface to determine the total pressure head.  

Fairfax Floodwall Study Feasibility Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers
Landside Pile Water depth not encountered Designer : Loehr 12/10/2004

 Geotechnology Results Checker :  Kuzniakowski 12/2004               
Water at TOW Head =18' Automatic Trip Hammer

Full Head Conditions =====> Head = 18 feet
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EXHIBIT A-7.24

Phi angle 15.5 dia Pier Location Height on Wall Ultimate
Feet Capacity, Kips

8 69.9
13 62.2
18 54.1
8 52.3

13 46.3
18 40.3
8 93.6

13 84
18 73.3
8 64.3

13 56
18 49.4

Phi angle 15.5 dia Pier Location Height on Wall Ultimate
Feet Capacity, Kips

8 68.5
13 59.4
18 50.3
8 50.7

13 43.8
18 36.9
8 91

13 79.8
18 67.4
8 62.2

13 52.7
18 44

Phi angle 15.5 dia Pier Location Height on Wall Ultimate
Feet Capacity, Kips

8 66.6
13 55.9
18 45.5
8 49.1

13 41.1
18 33.1
8 88.2

13 75.1
18 61
8 60.1

13 49.2
18 39.6
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